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ABSTRACT
USING ANTECEDENT AEROBIC EXERCISE TO DECREASE STEREOTYPIC AND
SELF-STIMULATORY BEHAVIOR IN CHILDREN WITH AUTISM
by
Melanie Nicole McGaha Mays
Stereotypy is one of the defining characteristics of autism spectrum disorders
(ASD) and can significantly interfere with an individual's development and acquisition of
knowledge and skills as well as distract from and disrupt educational environments.
Numerous behavioral interventions have been implemented by researchers in an attempt
to reduce or eliminate such behaviors, including antecedent aerobic exercise. Research
studies conducted on using antecedent aerobic exercise as an effective intervention to
decrease stereotypy have been spread out over several years, and many of the studies are
methodologically weak according to today's standards and guidelines for evidence-based
practices. This study was conducted to replicate and extend previous research by
examining the effect of aerobic exercise in the form of vigorous jogging for 10
consecutive minutes on the percentage of time two elementary-school-aged children with
autism engaged in stereotypic behaviors during instructional activities in the morning
(immediately following the aerobic exercise), with a secondary analysis evaluating
potential residual effects later in the school day. A six-phase reversal (ABABAB) design
was used to determine the presence of a functional relation between jogging and
stereotypy. Upon visual analysis of graphed data, functional relations were apparent for
both participants. Allison spent 12% less time engaging in stereotypic behavior
immediately following the jogging sessions as compared to baseline, and Boyd’s
stereotypic behavior decreased by 10.7% overall. There was no significant carryover

effect to the instructional sessions two hours after the intervention. Measures of social
validity confirmed that the intervention was easy to implement and perceived as
beneficial. Implications for future research and practice are discussed.
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CHAPTER 1
STEREOTYPY IN AUTISM SPECTRUM DISORDERS
Autism spectrum disorders (ASD) affect an estimated 1 in 88 (Centers for Disease
Control and Prevention, 2012) or as many as 1 in 50 (Blumberg et al., 2013) children
today. Although there have been genetic links discovered in some cases, and evidence of
differences in brain structure and function has been found through neuroimaging, there
are currently no known etiological or pathophysiological criteria for diagnosing autism
(Lord & Jones, 2012). Autism is generally considered to be a disorder of the
neurobiological pathways of development and is diagnosed based on the presence of
certain behavioral symptoms. According to the Diagnostic and Statistical Manual of
Mental Disorders (5th ed.; DSM 5; American Psychiatric Association, 2013), an ASD
diagnosis is given when a child has a deficit in social communication and social
interaction, along with patterns of restricted, repetitive behaviors or interests. Because
ASD is explicitly a spectrum disorder, symptoms will differ according to the severity of
the disorder. Social communication difficulties could manifest in a milder form of ASD
as infrequent eye contact when speaking, while a person with more severe ASD may not
speak at all. Similarly, a person with mild ASD may be passionately interested in learning
and talking about trains while individuals with more severe forms may constantly and
violently bang their heads against the wall. Both are examples of “restricted, repetitive
behaviors or interests", yet they clearly differ greatly in degree.
Stereotypy Defined
Repetitive behaviors in autism are frequently referred to as stereotypy,
stereotyped behaviors or stereotypic behaviors. Stereotypy is defined as “frequent almost
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mechanical repetition of the same posture, movement or form of speech” (MerriamWebster, 2006, p. 658). Stereotypic behavior is generally considered to be voluntary,
persistent, and invariant (Berkson, 1983). In people with developmental disabilities such
as autism, it is often socially inappropriate (Turner, 1999). Beyond those characteristics,
however, stereotypy, especially as it relates to autism, is a somewhat complicated
construct.
Stereotypy is sometimes not a discrete behavior at all; it can be a pattern of
interest, an insistence on sameness, a fixation on an item or part of an item, or an
inflexible adherence to routines and rituals (Cunningham & Shreibman, 2007). There is
no consistent terminology used among researchers; the terms stereotypic, selfstimulatory, ritualistic, and perseverative are often used interchangeably to describe
behavior that is repetitive in nature (Lewis & Bodfish, 1998).
Adding to the ambiguity, stereotypy includes a broad range of topographically
dissimilar behaviors. Stereotypic behavior can be verbal or nonverbal, it can involve
gross motor movement or fine motor movement, and it can be simple or complex.
Stereotypy may or may not involve manipulating an object (Cunningham & Schreibman,
2007). Even when considering behaviors of the same topography (form or shape),
stereotypy can vary in intensity, frequency, cyclicity, and sensitivity to change
(Willemsen-Swinkles, Buitelaar, Dekker, & Van England, 1998). The behaviors can be
very different in timing, and even in repetitiveness and inflexibility (Mason, 1991).
There currently is no universal classification system for stereotypy (CarcaniRathwell, Rabe-Hasketh, & Santos, 2006). Because of the inherent broad range of
heterogeneity, researchers often have tried to categorize behaviors by subtypes. Berkson
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(1967) divided stereotypy into repetitive and nonrepetitive behaviors. WillemsenSwinkles et al. (1998) categorized behaviors into five groups: ritual, sensory low
intensity, sensory high intensity, movement limb or movement trunk. Turner (1999)
considered some stereotypic behavior to be lower level and some to be higher level.
Milliterni, Bravaccio, Falco, Fico, & Palermo (2002) classified behaviors into three
divisions: motor, sensory, and complex motor or verbal. Carcani-Rathwell et al. (2006)
codified stereotypy as repetitive movements, sensory behaviors, and cognitive rigidity.
Finally, researchers of three studies (Cuccaro et al., 2003; Shao et al., 2003; Szatmari et
al., 2006) suggest that restricted repetitive behaviors and interests are composed of two
dimensions: insistence on sameness and repetitive sensory and motor behavior.
For the purposes of this discussion, repetitive motor behaviors will be considered
steretoypy, without regard to the area of the body involved or the intensity of the
behavior. Because the physical nature of the intervention is likely to affect only physical
behaviors, neither repetitive verbal behavior nor cognitive rigidity are considered in this
study.
Stereotypy Across Populations
While stereotypy is a diagnostic feature of autism, it is not exclusive to the
disorder. Stereotypy is common in individuals with intellectual disabilities, other types of
developmental disabilities, and sensory disabilities (Cunningham & Schreibman, 2007),
as well as those with early damage to their central nervous system and those exposed to
adverse environmental conditions and sensory depravity (Lewis, Gluck, Bodfish,
Beauchamp, & Mailman, 1996), captive animals and subjects given stimulant drugs
(Mason, 1991). In fact, stereotyped repetitive behavior is often seen in typically
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developing individuals. In one study, 60% of parents indicated that their typically
developing children engaged in stereotypic behavior between the age of 24 and 60
months of age (Leekam et al., 2007). The presence of nervous habits and stereotypies in
typically developing preschoolers appears to be a reflection of their mood and they tend
to engage in such behavior when they are excited, stressed or anxious, concentrating or
engrossed, tired or fatigued, and bored (Foster, 1998; Harris, Mahone, & Singer, 2008;
Tan, Salgado, & Fahn, 1997). Intellectually normal adults engage in stereotypies, some to
an extent severe enough to meet diagnostic criteria for Stereotypic Movement Disorder,
but others to a lesser degree (Castellanos, Ritchie, Marsh, & Rapoport, 1996).
Cunningham and Schreibman (2007) list several stereotypies found in typically
developing adults, including smoking, nail biting, foot tapping, and compulsive
organizing. In two studies (Berkson, Rafaeli-Mor, & Tarnovsky (2009); Rafaeli-Mor,
Foster, & Berkson (2009), researchers found that a surprisingly high number of college
students engaged in body-rocking, approximately 25% of typical adults, compared to the
then-current prevalence estimate of 30% of people with intellectual disabilities.
Individuals with disabilities seemed less sensitive to situational factors, and rocked with
greater amplitude while those without disabilities engaged in more leg-kicking behavior
and related their rocking behavior to their mood.
There has been more attention to research on stereotypies in infants than in any
other age group. While the presence of repetitive behaviors in older children often is
cause for concern, in infants it is usually indicative of normal development. Sallustro and
Atwell (1978) noted that body rocking, head banging, and head rolling behaviors appear
in infants during the first year of life and are related to precocious motor development.
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Indeed, body rocking is almost universal in babies during their first year (Berkson &
Tupa, 2000). Thelan (1979) observed and described 47 different movement patterns seen
in typically developing infants and noted that the behaviors showed developmental
regularities, constancy of form, and distribution. Guess and Carr (1991) found that a
delay in onset of such behaviors can evince developmental delay. In contrast, Synons,
Sperry, Dropik, and Bodfish (2005) found that although rhythmic motor stereotypies may
be delayed in some infants, the sequence of their development simply occur later.
Stereotypy in infants is so much a typical phenomenon that Kroeker, Unis, and Sackett
(2002) suggest that stereotyped behaviors must have an onset later than 13 months to be
considered abnormal.
Stereotypy in infancy is usually transitory. As typically developing infants mature
emotionally, begin to develop social communication skills, attend more to external
stimuli in the environment, and become locomotive, then rhythmic and stereotypic
behaviors begin to decline (Evans et al., 1997; Jones, 1988; Thelan, 1979). When the
forms of behaviors seen in very young children continue as a child ages, there is cause for
concern (Berkson & Tupa, 2000). .
The difference between the stereotyped behaviors of nondisabled individuals and
those with autism spectrum disorders seems to be in frequency, duration, and topography;
that difference becomes more pronounced as a child ages. MacDonald et al. (2007)
observed that while two-year-olds with autism engaged in somewhat higher levels and
durations of stereotypy than their peers without autism, when they were three and four
year olds the difference was much more substantial. Children with ASD consistently have
been found to have an elevated pattern of occurrence of repetitive, stereotypic behaviors
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than their typically developing peers (Bodfish, Symons, Parker, & Lewis, 2000; Kim &
Lord, 2010). Honey, Leekam, Turner, and McConchie (2007) also found that children
with ASD engage in repetitive behavior associated with play while their peers without
ASD engage in fewer repetitive behaviors and more play.
Researchers have looked at the types of stereotypies engaged in by children with
and without ASD and have found that while typically developing children often engage
in similar rates of simple, lower-level repetitive behavior, especially at very young ages,
the presence of more complex, higher level repetitive behaviors are more likely to occur
in children with autism (Mooney, Gray, & Tonge, 2006; Turner, 1999). Additionally,
hand/finger, gait, and atypical gaze are especially suggestive of autism (Goldman et al.,
2008). Children with ASD also engage in repetitive behaviors involving objects and body
more frequently and for longer durations than typically developing children (Barber,
Wetherby, & Chambers, 2012).
In individuals with intellectual disabilities and other developmental disorders,
stereotypic behaviors occur more often than in typically developing individuals of the
same age but less often than in those with ASD of the same age (Richler, Bishop,
Kleinke, & Lord, 2007; Watt, Wetherby, Barber & Morgan, 2008). Goldman et al. (2008)
studied the self-stimulatory behavior of 277 children, comparing children with autism to
those with other developmental disorders who had been cognitively matched based on
their nonverbal IQ. They found that the children with autism engaged in a greater number
of and a greater variety of stereotypies than those with other developmental disabilities.
In addition, they found that in both groups, children with lower adaptive behavior and
communication skills engaged in higher rates of stereotypy. Similarly, Bodfish et al.
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(2000) compared the repetitive behavior of children with autism and intellectual
disability to that of children with intellectual disability without autism and found that
those with autism engaged in a higher number of topographies of repetitive behavior, had
more severe and more interfering compulsions, and demonstrated more severe stereotypy.
In a study specifically comparing the repetitive behavior of children with PraderWilli syndrome and that of children with autism, Greaves, Prince, Evans and Charman
(2006) found an overlap of behaviors and similar levels of behavior. However, they noted
that children with Prader-Willi syndrome were more likely to collect and store objects
while those with autism more frequently lined up objects, and displayed a strong
preference for certain foods. As in other studies, lower developmental levels were
correlated with higher levels of repetitive behavior in both groups.
Differences also exist in the nature of stereotypy among individuals with autism,
depending on their developmental level and IQ. Individuals with lower adaptive behavior
scores engage in a higher frequency of stereotypy (Goldman et al., 2008; Matson, Kieley,
& Bamburg, 1997; Rojahn, Matlock, & Tasse, 2000; Szatmari et al., 2006), as do those
with lower IQ scores (Gabriels, Cuccaro, Hill, Ivers, & Goldson, 2005; Militerni et al.,
2002) and this inverse relationship becomes more pronounced as a child gets older
(Bishop, Richler, & Lord, 2006)
Issues with Stereotypic Behavior
Although all humans engage in stereotypic behavior over their lifespan, the high
frequency of stereotypy associated with ASD markedly interferes with normal
development (Matson, Dempsey, & Fodstad, 2009), and impedes the development of new
skills and acquisition of academic knowledge (Koegel & Covert, 1972; Morrison &
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Rosales-Ruis, 1997), which limits the child’s repertoire of appropriate behaviors (Varni,
Lovaas, Koegel, & Everett, 1979). Lovaas, Newsom and Hickman (1987) postulate that
this may be due to the strength of the perceptual reinforcement derived from selfstimulatory behavior, theorizing in essence that so much pleasure is derived from
engaging in the stereotypy that it is difficult to find other reinforcers strong enough to
obtain control over the individual’s performance. Decreasing self-stimulatory behavior
has been shown to increase an individual’s observational learning (Varni et. al, 1979),
development of play skills (Koegel, Firestone, Kramme, & Dunlap, 1974) and correct
responding or task performance (Chock & Glahn, 1983; Morrison & Rosales-Ruiz, 1997)
Stereotypic behaviors also are often distracting and disruptive in the educational
environments of the child’s peers (Conroy, Asmus, Sellers, & Ladwig, 2005; Jones,
1988) and the public perception of stereotypy is negative, which can lead to a person who
engages in the behavior being devalued in society and have limited opportunities (Jones,
Wint, & Ellis, 1990). Finally, parents of children who engage in frequent repetitive
behavior consider the presence of such behavior to be “significantly stressful” (Gabriels
et al., 2005, p.46). For all of these reasons, it is important to intervene and attempt to
eliminate, replace, or decrease stereotypic behavior whenever possible. Several
researchers have attempted to do so using behavioral interventions such as noncontingent
reinforcement, response blocking or interruption, matched stimulation, differential
reinforcement, and functional communication training (Patterson, Smith, & Jelen, 2010).
These behavioral interventions can be categorized according to whether the behavior
must occur prior to the intervention being implemented (i.e., consequence-based
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interventions) or whether the intervention is implemented in an attempt to prevent the
behavior from occurring (i.e., antecedent-based interventions).
Consequence-based Interventions for Stereotypic Behavior
Because they have such a broad impact on individuals demonstrating them and
those in the environment, stereotypic behaviors are among those most commonly targeted
for intervention in students with developmental disabilities (Horner, Carr, Strain, Todd,
& Reed, 2002). Historically, interventions addressing stereotypic behaviors have
consisted of altering the consequences of the behavior (Rapp & Vollmer, 2004),
including the use of differential reinforcement of other behavior (DRO), response
interruption, overcorrection (OC), physical punishment, and combined intervention
packages.
DRO. Researchers have found differential reinforcement of other behavior (DRO)
to be effective at reducing stereotypy. DRO is an applied behavior analysis technique
whereby the absence of a particular behavior is reinforced. Reinforcement is delivered
when the target behavior is not displayed for a specified period. Singh, Dawson, and
Manning (1981) decreased the stereotypic behavior of three girls (ages 18, 17 and 15
years with age equivalent scores of 1.4, 1.6 and 1.47 years respectively) using a DRO
procedure by praising the participants for refraining from stereotypy for increasingly
longer periods of time. The three girls also demonstrated an increase in spontaneous
appropriate social behavior as their stereotypy decreased.
Haring, Breen, Pitts-Conway, and Gaylord-Ross (1986) also used a DRO
procedure to reduce stereotypic behavior and increase task performance of three students
with autism: a fourteen-year-old boy functioning at an age equivalent of 2.92 years who
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was repeating phonemes in a sing-song fashion; a seventeen-year-old girl functioning at
an age equivalent of 6 years who was repeating words, singing, and slapping her hands
and objects on the table surface; and a twenty-one-year-old man functioning at an age
equivalent of 2.5 years who made repeated nontask vocalizations.
Ringdahl et al. (2002) compared the effectiveness of two techniques in reducing
covert stereotypy in a 15-year-old male with mild intellectual disability whose handflapping had a history of triggering photosensitive grand mal seizures. Providing
scheduled visual (an adult coming into the room and pointing to a stop sign) and verbal
reminders to refrain from flapping was ineffective but providing two minutes of access to
a preferred item for refraining from hand flapping for a prespecified period of time
(increasing from 10 seconds to 10 minutes) resulted in near-zero levels of the stereotypic
behavior.
Taylor, Hoch, and Weissman (2005) successfully reduced stereotypy in a 4-yearold girl with autism who was engaging in vocal stereotypy for 82% of three-minuteintervals using DRO. The investigators provided the participant with access to her
favorite toys contingent on playing quietly (without engaging in stereotypy) for extended
periods of time. By the end of the study, the little girl was only engaging in vocal
stereotypy for 9% of three-minute-intervals.
Response Interruption. Response interruption also has been used as an
intervention for stereotypy. Response interruption is a behavioral technique in which
interventionists interrupt a behavior when it occurs and redirect the person to another
behavior. Ahearn, Clark, MacDonald, and Chung (2007) used response interruption and
redirection to reduce the vocal stereotypy of four children with ASD: a three-year old
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boy, an 11-year-old boy, and twin 7-year-old girls who engaged in high rates of vocal
stereotypy consisting of repeated words, word approximations and noises. When the
students began to emit vocal stereotypy, the teacher said their names, made eye contact
(interrupting), and prompted appropriate language (redirecting) by asking a social
question or prompting vocal imitation. In all four students, this procedure resulted in
decreased vocal stereotypy, and in all but one, it also increased their appropriate
vocalizations.
In a 1997 study, Sprague, Holland and Thomas compared three interventions and
their effects on the various stereotypic behaviors of a 9-year-old boy with a severe
intellectual disability, blindness, a moderate hearing impairment and seizures, and a 20year-old woman with a severe intellectual disability, legal blindness, and a moderate
hearing impairment. They found noncontingent sensory reinforcement and contingent
sensory reinforcement to effectively reduce stereotypic behavior when the sensory stimuli
shared properties with the stimulation produced by their stereotypy. Moreover, they
found that adding response interruption to the sensory reinforcement resulted in greater
suppression of the stereotypy.
Overcorrection. Other researchers have investigated positive-practice
overcorrection as a consequence-based intervention for stereotypy. Positive-practice
overcorrection requires an individual repeatedly to practice a positive alternative behavior
following occurrence of the target behavior. Foxx and Azrin (1973) compared the effects
of five different treatments on the mouthing behavior of two girls: an 8-year-old with an
age equivalent of 1.4 years who mouthed objects and a 7-year-old with an age equivalent
of 1.9 years who mouthed her hand. They found noncontingent reinforcement and DRO
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to be the least effective treatments, physical punishment and application of a distasteful
solution to be of intermediate effectiveness, and overcorrection to be the most effective.
Following each instance of mouthing, an oral hygiene procedure was performed on the
child consisting of brushing her teeth and gums with a toothbrush soaked in mouthwash
and wiping her mouth and lips with a washcloth soaked in mouthwash. This procedure
reduced stereotypic mouthing behavior to near zero occurrences.
Foxx and Azrin extended their study to include two more children: an 8-year-old
girl with an age equivalence of 2.8 years who engaged in frequent head-weaving (turning
her head in a wide arc from side-to-side) and a 7-year-old boy with autism who engaged
in almost continuous hand-clapping. The overcorrection procedure used for the two
original participants remained the same (oral hygiene procedure) and a functional
movement training procedure was implemented as an overcorrection for head-weaving
and hand-clapping. This procedure required the students to hold their heads in each of
three positions or their hands in each of five positions for a period of 15 seconds each.
Each child’s stereotypic behavior was “brought to a near-zero level by the end of 10 days
and … complete elimination was achieved for all four children” (1973, p. 11) using
overcorrection.
In an unsuccessful attempt to replicate the findings from Foxx and Azrin,
Rollings, Baumeister, and Baumeister (1977) implemented a similar overcorrection
procedure (requiring the participant to hold their heads in several positions) with a 21year-old man with intellectual disabilities who engaged in frequent head weaving. The
overcorrection did not result in a decrease in the behavior and several new stereotypies
emerged (self-pinching, self-scratching, screaming, and finger manipulations). In the
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same study, an overcorrection procedure implemented with a 35-year-old male with
profound intellectual disability did immediately suppress rocking stereotypy but
collateral stereotypy behaviors developed and the decrease in rocking was not durable or
generalizable.
In a series of studies in 1979, Harris and Wolchik compared the effectiveness of
three different strategies (time out, DRO, and overcorrection) on the stereotypic behavior
of four boys with autism (a 6-year-old who moved his hands in the air, pushed his fingers
into his ear, palm, and fingers, clapped, and nodded his head repeatedly; a 5-year-old who
rubbed, stroked, and tapped his hands and fingers against his other hand, fingers, body
parts, clothes, other’s bodies, other’s clothes, and objects; a 6-year-old who turned
objects in his hand, crumbled food, stroked objects and his body and tapped his fingers
together; and a 7-year-old who made repetitive hand contact with body parts and objects).
All four boys demonstrated an “immediate and dramatic decline in self-stimulation” (p.
196) in response to overcorrection (exaggerated hand clapping overhead for 10 seconds
contingent on stereotypy) while the other two strategies were less effective.
Physical Punishment. As mentioned previously, physical punishment in the form
of a slap to the thigh was one of the interventions studied by Foxx and Azrin (1973). In
their study with two girls, ages eight and seven years, they found that punishment did
result in a significant decrease in stereotypic mouthing for one participant (from over 100
times per hour to 4 times per hour) but actually increased the behavior in the second
participant “who exhibited a strong negative emotional reaction upon being slapped and
typically reacted by reinserting her hand in her mouth” (p. 4).
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Koegel et al. (1974) found physical punishment to be very effective at reducing
self-stimulatory behaviors in an 8-year-old boy and a 6-year-old girl, both of whom were
diagnosed with autism and engaged in extremely high rates of a variety of topographies
of repetitive behavior. By sharply telling the child “No” and slapping or immobilizing the
part of the body involved in the stereotypy, they were able to reduce the period of time
engaged in stereotypic behavior from 100% to below 10% in the boy and from 99.9% to
13% in the girl.
Combined Intervention Packages. Finally, some researchers have found a
combination of response interruption with differential reinforcement to be effective at
reducing stereotypic behaviors in children, adolescents, and adults with autism and
intellectual disabilities. Aurand, Sisson, Aach, and Van Hassett (1989) found that
differential reinforcement of incompatible behavior (DRI) was ineffective in reducing the
tongue-chewing, head-weaving and hand-flapping behaviors of a 4-year old boy with
multiple disabilities. However, when they added response interruption (brief physical
immobilization of the body part that was involved in the stereotypy) to the DRI
procedure, the stereotypy occurred in 10% or fewer intervals across situations throughout
the day. This effect was maintained for at least two months following implementation of
the intervention.
In a study of the effectiveness of response-interruption redirection (RIRD)
combined with DRO, Gartland (2009) found that the package treatment reduced high
levels of vocal stereotypy in a 17-year-old boy with autism from an average of 72% of
intervals to 7%. The package treatment produced similar results in two other participants:
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reductions in a 9-year-old girl with autism from 18% to 8%, and in a 7-year-old girl from
33% to 12%.
Antecedent-based Interventions.
Few researchers have looked at the effects of antecedent-based interventions on
stereotypy. Antecedent-based interventions are proactive. Preventing unwanted behaviors
from occurring in the first place means that the neither the instruction nor the
instructional environment need to be disrupted while the teacher addresses the behavior
and delivers the consequence. This allows every student to have more opportunities to
learn (Powers, Thibadeau, & Rose, 1992). Logistically, antecedent-based interventions
are less labor intensive in that teachers do not have to be vigilant in focusing solely on
one student in order to deliver the consequence consistently every time the behavior
occurs (Bachman & Fuqua, 1983).
Determining which antecedent-based intervention will be most effective depends
on identifying the function of the behavior. When stereotypic behaviors are determined to
be a form of play or entertainment for a person, teaching or prompting appropriate toy
play may successfully reduce the self-stimulatory behavior. If stereotypic behavior
appears to be exhibited to communicate a preference or need, then functional
communication training will be the most effective antecedent-based intervention to
employ. Finally, aerobic exercise has been proposed as effective for reducing stereotypic
behavior when the function appears undifferentiated (i.e., a specific behavioral function
cannot be determined).
Teaching Appropriate Play. In an attempt to decrease stereotypy using
noncontingent reinforcement (NCR) in the form of access to a preferred leisure item,
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Britton, Carr, Landaburu, and Romick (2002) discovered that the repetitive behaviors of
the three individuals in their study (a 28-year-old man with a severe intellectual
disability, a 26-year-old woman with profound intellectual disability and autism; and an
8-year-old boy with developmental delays) was only effectively suppressed when the
individuals were prompted to interact with the leisure item. This would indicate that
availability of toys or leisure items may not be sufficient to reduce stereotypy – toy play
may need to be taught, prompted, and reinforced.
Eason, White, and Newsom (1982) found that rewarding appropriate play
behavior and ignoring stereotypy increased spontaneous play and reduced stereotypy to
negligible levels in six children with autism (a 9-year-old boy with a mental age of 4
years 9 months, a 6-year-old girl with a mental age of 3 years 6 months, a 6-year-old boy
with a mental age of 1 year 7 months, a 7-year-old girl with a mental age of 4 years 11
months, an 8-year-old boy with a mental age of 3 years 11 months, and a 6-year-old boy
with a mental age of 3 years 0 months).
Researchers of two studies similarly used reinforcement to condition toy play
behaviors and noted a significant decrease in stereotypy as toy play increased. Greer,
Becker, Saxe, and Mirabella (1985) replaced stereotypy with appropriate play in three
men (22, 25, and 26 years old) with profound intellectual disabilities. Similarly, NuzzoloGomez, Leonard, Ortiz, Rivera, and Greer (2002) successfully reinforced appropriate
play with decreasing levels of stereotypy in four preschool students with autism.
Functional Communication Training. When a functional analysis indicates that
stereotypy is serving a communicative function, functional communication training may
be chosen as an intervention. Durand and Carr (1987) found that the body rocking and
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hand flapping behavior of four boys with autism (ages 11, 13, 7 and 11 years) increased
when difficult tasks were introduced. When they began removing tasks contingent on
stereotypy, the boys’ behaviors increased even more, indicating that the behavior was an
attempt to escape the unwanted task. After teaching the boys to request help, their selfstimulatory behaviors reduced significantly.
Kennedy, Meyer, Knowles, and Shukla (2000) also found the stereotypic behavior
of a 10-year-old boy with autism to serve the function of escape. Teaching the student to
request a break resulted in a dramatic decrease in his repetitive behavior.
Aerobic Exercise. When a functional analysis shows an undifferentiated pattern
of stereotypy across conditions, the typical interpretation is that the behavior is
automatically reinforcing (Furniss & Biswas, 2012). In such cases, teaching
communication or play behaviors may not successfully reduce stereotypy. One
antecedent-based intervention that has been researched and found to decrease stereotypy
in individuals with autism when stereotypy becomes its own reinforcement is aerobic
exercise (Petrus et al., 2008), often in the form of jogging (Baumeister & MacLean, 1984;
Ellis, MacLean, & Gazdag, 1990; Kern, Koegel, Dyer, Blew, & Fenton 1982; RosenthalMalek & Mitchell, 1997; Watters & Watters, 1980), but also dancing (Bachman &
Sluyter, 1988), jumping on a trampoline or playing basketball (McGimsey & Favell,
1988), and roller skating (Powers et al., 1992). Exercise is a relatively easy intervention
for practitioners to implement, as it requires very little staff training, there is minimal to
no cost for equipment, and it has positive health-related consequences (Levinson & Reid,
1993; McGimsey & Favell, 1988). While the precise mechanism that is responsible for
the effects that exercise has on stereotypy has not yet been identified, researchers have
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found that exercise must be vigorous and aerobic (as opposed to mild general motor
exercises) in order to affect stereotypy (Bachman & Fuqua, 1983; Baumeister &
MacLean, 1984; Celiberti, Bobo, Kelly, Harris, & Handleman, 1997; Elliot, Dobbin,
Rose, & Soper, 1994; Kern, Koegel, & Dunlap, 1984).
Using Exercise to Reduce Stereotypy
Two main theories explain why exercise reduces stereotypy. The first is that
exercise causes fatigue and thus the person does not have the energy to engage in
stereotypic behavior after exercising (Lancioni & O’Reilley, 1998). Many researchers
disagree with this explanation based on several observations (Levinson & Reid, 1993).
Specifically, participants in research studies whose stereotypy decreased following
exercise did not show signs of being fatigued; instead they engaged in more appropriate
behaviors (Elliot et al. 1994; Rosenthal-Malek & Mitchell, 1997), and spent less time
sitting (Bachman & Sluyter, 1988).
The second common theory of why exercise reduces stereotypy is that individuals
are engaging in stereotypic behaviors because it provides reinforcing sensory input to
their bodies (Baranek, 2002). When stereotypy serves this function, it is considered to be
“self-stimulatory” behavior (Lovaas et al., 1987, p, 46). Some researchers believe that
when stereotypic behaviors are, in fact, self-stimulatory, exercise that involves repetitive
rhythmic motions may provide similar sensory feedback thereby eliminating the need to
self-stimulate in other ways (Levinson & Reid, 1993). Though the terms "stereotypy" and
"self-stimulatory" are often used interchangeably, stereotypic behavior can serve
functions other than stimulation of the sensory system (Durand & Carr, 1987; Rapp &
Vollmer, 2004). It is therefore important to conduct a functional analysis (FA) to
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determine the function a particular stereotypy serves before developing an intervention
(Cunningham & Schreibman, 2007).
Conclusion
Stereotypy can manifest itself in any of a wide variety of repetitive behaviors. It is
common in mild forms among all of us. However, individuals with developmental
disabilities are more likely to engage in stereotypy more often and they are likely to
engage in more aberrant forms behaviors. In many of these individuals, stereotypy
interferes significantly with their learning and skill acquisition, as well as distracting
others in their environment. In an educational setting, this can prevent successful
instruction both for the individual engaging in the behavior and their peers whose
instruction is disrupted by the behavior.
Historically, interventions for stereotypy have been consequence-based, likely
because of the difficulty determining the function of stereotypy. Stereotypy has been
considered seemingly meaningless behavior by definition, which would imply that there
is no obvious function. Because of relatively recent advances in understanding the
sensory system and its impact on behavior, researchers have been focusing on developing
interventions that address the perceived function of stereotypy, which in many cases is to
stimulate ones on sensory system. Because antecedent-based interventions are proactive
and ideally prevent behaviors from occurring, they are often preferable to consequentbased interventions, particularly in an educational setting
If an individual’s stereotypic behavior is determined to be self-stimulatory,
providing sensory stimulation with similar intensity, repetition, and rhythm, involving
similar motor movements, would reduce the need for additional sensory input, effectively
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reducing the amount of self-stimulatory behavior exhibited. Jogging involves repetitive,
rhythmic movement of the arms and legs and provides intense proprioceptive (pressure)
input to the feet and legs. It also provides auditory feedback when the shoes hit the
ground (similar to the sound of hands flapping) and produces “woosh”ing auditory
feedback as well as the tactile sensation of the air on skin during running. The jostling of
the body with the impact of each step can cause visual vibration similar to the effect of
flickering lights or waving fingers in front of the eyes. In short, jogging provides a
myriad of sensations similar to those created by common topographies of motor
stereotypies.
Though there have been several studies supporting antecedent aerobic exercise as
an effective way to decrease stereotypy and self-stimulation in individuals with ASD,
they have been spread out over several years and many of the studies are
methodologically weak according to today’s standards and guidelines for evidence-based
practices. There is a need for strong studies replicating and extending the limited research
that has been conducted.

21

References
Ahearn, W. H., Clark, K. M., MacDonald, P. F., & Chung, B. I. (2007). Assessing and
treating vocal stereotypy in children with autism. Journal of Applied Behavior
Analysis, 40, 263-275.
American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental
Disorders (5th ed.). Arlington, VA: American Psychiatric Publishing.
Aurand, J. C., Sisson, L. A., Aach, S. R., & Van Hassett, V. B. (1989). Use of
reinforcement plus interruption to reduce self-stimulation in a child with multiple
handicaps. Journal of the Multihandicapped Person, 2, 51-61.
Bachman, J. E., & Fuqua, R. W. (1983). Management of inappropriate behaviors of
trainable mentally impaired students using antecedent exercise. Journal of
Applied Behavior Analysis, 16, 477-484.
Bachman, J. E., & Sluyter, D. (1988). Reducing inappropriate behaviors of
developmentally disabled adults using antecedent aerobic dance exercises.
Research in Developmental Disabilities, 9, 73-83.
Baranek, G. T. (2002). Efficacy of sensory and motor interventions for children with
autism. Journal of Autism and Developmental Disorders, 32, 397-422.
Barber, A.B., Wetherby, A.M., & Chambers, N.W. (2012). Brief report: Repetitive
behaviors in young children with autism spectrum disorder and developmentally
similar peers: A follow up to Watt et al. (2008). Journal of Autism and
Developmental Disorders, 42, 2006-2012.

22

Baumeister, A. A., & MacLean, W. E. Jr. (1984). Deceleration of self-injurious and
stereotypic responding by exercise. Applied Research in Mental Retardation, 5,
385-393.
Berkson, G. (1967). Abnormal stereotyped motor acts. In J. Zubin & H. F. Hunt (Eds.),
Comparative Psychopathology: Animal and Human (76-94). New York: Grune
and Stratton.
Berkson, G. (1983). Repetitive stereotyped behaviors. American Journal of Mental
Deficiency, 88, 239-246.
Berkson, G., Rafaeli-Mor, N., & Tarnovsky, S. (1999) Body-rocking and other habits in
college students and persons with mental retardation. American Journal on
Mental Retardation, 104, 107-116.
Berkson, G., & Tupa, M. (2000). Early development of stereotyped and self-injurious
behavior. Journal of Early Intervention, 23, 1-19.
Bishop, S.L., Richler, J., & Lord, C. (2006). Association between restricted and repetitive
behavior and nonverbal IQ in children with autism spectrum disorders. Child
Neuropsychology 12, 247-267.
Blumberg, S. J., Bramlett, M. D., Kogan, M. D., Schieve, L. A., Jones, J. R., & Lu, M. C.
(2013). Changes in prevalence of parent-reported autism spectrum disorder in
school aged US children: 2007 to 2011-12. National Health Statistics Report.
Retrieved from http://www.cdc.gov/nchs/data/nhsr/nhsr065.pdf

23

Bodfish, J. W., Symons, F. J., Parker, D. E., & Lewis, M. J. (2000). Varieties of repetitive
behavior in autism: comparisons to mental retardation. Journal of Autism and
Developmental Disorders, 30, 237-243.
Britton, L. N., Carr, J. E., Landaburu, H. J., & Romick, K. S. (2002). The efficacy of
noncontingent reinforcement as treatment for automatically reinforced stereotypy.
Behavioral Interventions, 17, 93-103.
Carcani-Rathwell, I., Rabe-Hasketh, S., & Santos, P. J. (2006). Repetitive and
stereotyped behaviours in pervasive developmental disorders. Journal of Child
Psychology and Psychiatry, 47, 573-581.
Castellanos, F. X., Ritchie, G. F., Marsh, W. L., & Rapoport, J. L. (1996). DSM-IV
stereotypic movement disorders: Persistence of stereotypies of infancy in
intellectually normal adolescents and adults. Journal of Clinical Psychiatry, 57,
116-122.
Celiberti, D. A., Bobo, H. E., Kelly, K. S., Harris, S. L., & Handleman, J. S. (1997). The
differential and temporal effects of antecedent exercise on the self-stimulatory
behavior of a child with autism. Research in Developmental Disabilities, 18, 139150.
Centers for Disease Control and Prevention. (2012, March 30). Prevalence of autism
spectrum disorders – autism and developmental disabilities monitoring network
14 sites United States. Morbidity and Mortality Weekly Reports. Retrieved from
http://www.cdc.gov/mmwr/pdf/ss/ss6103.pdf
Chock, P.N., & Glahn, T.J. (1983). Learning and self-stimulation in mute and echolalic
autistic children. Journal of Autism and Developmental Disorders, 13, 365-381.

24

Conroy, M.A., Asmus, J.M., Sellers, J.A., & Ladwig, C.N. (2005). The use of an
antecedent-based intervention to decrease stereotypic behavior in a general
education classroom: A case study. Focus on Autism and Other Developmental
Disabilities, 20, 223-230.
Cuccaro, M.L., Shao, Y., Grubber, J., Slifer, M., Wolpert, C.M., Donnelly, S.L., … &
Pericak-Vance, M.A. (2003). Factor analysis of restricted and repetitive
behaviours in autism using the Autism Diagnostic Interview-R. Child Psychiatry
and Human Development, 34, 3-17.
Cunningham, A. B., & Schreibman, L. (2007). Stereotypy in autism: The importance of
function. Research in Autism Spectrum Disorders, 2, 469-479.
Durand, V. M., & Carr, E. G. (1987). Social influences on self-stimulatory behavior:
analysis and treatment application. Journal of Applied Behavior Analysis, 20,
119-132.
Eason, L. J., White, M. J., & Newsom, C. (1982). Generalized reduction of selfstimulatory behavior: An effect of teaching appropriate play to autistic children.
Analysis and Intervention in Developmental Disabilities, 2, 157-169.
Ellis, D. N., Maclean, W. E., Jr., & Gazdag, G. (1990). The effects of exercise and
cardiovascular fitness on stereotyped body rocking. Journal of Behavior Therapy
and Experimental Psychiatry, 20, 251-256.
Elliot, R. O., Jr., Dobbin, A. R., Rose, G. D., & Soper, H. V. (1994). Vigorous aerobic
exercise versus general motor training activities: effects on maladaptive and
stereotypic behaviors of adults with both autism and mental retardation. Journal
of Autism and Developmental Disorders, 24, 565-576.

25

Evans, D. W., Leckman, J. F., Carter, A., Reznick, J. S., Henshaw, D., King, R. A., &
Pauls, D. (1997). Ritual, habit and perfectionism: The prevalence and
development of compulsive like behaviour in normal young children. Child
Development, 68, 58-68.
Foster, L. G. (1998). Nervous habits and stereotyped behaviors in preschool children.
Journal of American Academy of Child and Adolescent Psychiatry, 37, 711-717.
Foxx, R. M., & Azrin, N. H. (1973). The elimination of autistic self-stimulatory behavior
by overcorrection. Journal of Applied Behavior Analysis, 6, 1-14.
Furniss, F. F., & Biswas, A. B. (2012). Recent research on aetiology, development and
phenomenology of self-injurious behaviour in people with intellectual disabilities:
A systematic review and implications for treatment. Journal of Intellectual
Disability Research, 56, 453-475.
Gabriels, R. L., Cuccaro, M. L., Hill, D. E., Ivers, B. J., & Goldson, E. (2005). Repetitive
behaviors in autism: Relationships with associated clinical features. Research in
Developmental Disabilities, 26, 169-181.
Gartland, M. E. (2009). The effects of response interruption/redirection and differential
reinforcement of other behaviors on vocal stereotypy in children with autism.
Unpublished master’s thesis, The Ohio State University.
Goldman, S., Wang, C., Salgado, M. W., Greene, P. E., Kim, M., & Rapin, S. (2008).
Motor stereotypies in children with autism and other developmental disorders.
Developmental Medicine and Child Neurology, 51, 30-38

26

Greaves, N., Prince, E., Evans, D.W., & Charman, T. (2006). Repetitive and ritualistic
behaviour in children with Prader-Wili syndrome and children with autism.
Journal of Intellectual Disability Research, 50, 92-100.
Greer, R. D., Becker, B. J., Saxe, C. D., & Mirabella, R. F. (1985). Conditioning histories
and setting stimuli controlling engagement in stereotypy or toy play. Analysis and
Intervention in Developmental Disabilities, 5, 269-284.
Guess, D., & Carr, E. (1991). Emergence and maintenance of stereotypy and self-injury.
American Journal on Mental Retardation, 96, 299-319.
Haring, T. G., Breen, C. G., Pitts-Conway, V., & Gaylord-Ross, R. (1986). Use of
differential reinforcement of other behavior during dyadic instruction to reduce
stereotyped behavior of autistic students. American Journal of Mental Deficiency,
90, 694-702.
Harris, K. M., Mahone, E. M., & Singer, H. S. (2008). Nonautistic motor stereotypies:
Clinical features and longitudinal follow-up. Pediatric Neurology, 38, 267-272.
Harris, S. L., & Wolchik, S. A. (1979). Suppression of self-stimulation: Three alternative
strategies. Journal of Applied Behavior Analysis, 12, 185-198.
Honey, E., Leekam, S., Turner, M., & McConachie, H. (2007). Repetitive behaviour and
play in typically developing children and children with autism spectrum disorders.
Journal of Autism and Developmental Disabilities, 37, 1107-1115
Horner, R. H., Carr, E. G., Strain, P. S., Todd, A. W., & Reed, H. K. (2002). Problem
behavior interventions for young children with autism: A research synthesis.
Journal of Autism and Developmental Disorders, 32, 423-446.

27

Jones, R. S. P. (1988). Treating high-rate stereotyped behaviors in children. Child: Care,
Health, and Development, 14, 175-188.
Jones, R.S.P., Wint, D., & Ellis, NC. (1990). The social effects of stereotyped behavior.
Journal of Mental Deficiency Research, 34, 261-268.
Kennedy, C. H., Meyer, K. A., Knowles, T., & Shukla, S. (2000). Analyzing the multiple
functions of stereotypical behaviors for students with autism: implications for
assessment and treatment. Journal of Applied Behavior Analysis, 33, 559-571.
Kern, L., Koegel, R. L., Dyer, K., Blew, P. A., & Fenton, L. R. (1982). The effects of
physical exercise on self-stimulation and appropriate responding in autistic
children. Journal of Autism and Developmental Disorders, 12, 399-419.
Kern, L., Koegel, R. L., & Dunlap, G. (1984). The influence of mild exercise on autistic
stereotyped behaviors. Journal of Autism and Developmental Disorders, 14, 5767.
Kim, S. & Lord, C. (2010). Restricted and repetitive behaviors in toddlers and
preschoolers with autism spectrum disorders based on the autism diagnostic
observation schedule. Autism Research, 3, 162-173.
Koegel, R.L., & Covert, A. (1972). The relationship of self-stimulation to learning in
autistic children. Journal of Applied Behavior Analysis, 5, 381-387.
Koegel, R. L., Firestone, P. B., Kramme, K. W., & Dunlap, G. (1974). Increasing
spontaneous play by suppressing self-stimulation in autistic children. Journal of
Applied Behavior Analysis, 7, 521-528.

28

Kroecker, R., Unis, A.S., & Sackett, G. (2002). Characteristics of early rhythmical
behaviors in children at risk for developmental disorders. Journal of the American
Academy of Child and Adolescent Psychiatry, 41, 67-74.
Lancioni, G. E., & O’Reilly, M. F. (1998). A review of research on physical exercise
with people with severe and profound developmental disabilities. Research in
Developmental Disabilities, 19, 477-492.
Leekam, S., Tandos, J., McConachie, H., Meins, E., Parkinson, K., Wright, C., … & Le
Couteur, A. (2007). Repetitive behaviours in typically developing 2-year-olds.
Journal of Child Psychology and Psychiatry, 48, 1131-1138.
Levinson, L. J., & Reid, G. (1993). The effects of exercise intensity on the stereotypic
behaviors of individuals with autism. Adapted Physical Activity Quarterly, 10,
255-268.
Lewis, M. H., & Bodfish, J. W. (1998). Repetitive behavior disorders in autism. Mental
Retardation and Developmental Disabilities, 4, 80-89.
Lewis, M. H., Gluck, J. P., Bodfish, J. W., Beauchamp, A. J., & Mailman, R. B. (1996).
Neurobiological basis of stereotyped movement disorder. In R. L. Sprague & K.
M. Newell (Eds.), Stereotyped Movements: Brain and Behavior Relationships
(pp.37-68). Washington, DC: American Psychological Association.
Lord, C., & Jones, R.M. (2012). Annual research review: Rethinking the classification of
autism spectrum disorders. Journal of Child Psychology and Psychiatry, 53, 490509.
Lovaas, I., Newsom, C., & Hickman, C. (1987). Self-stimulatory behavior and perceptual
reinforcement. Journal of Applied Behavior Analysis, 20, 45-68.

29

MacDonald, R., Green, G., Mansfield, R., Geckeler, A., Gardenier, N., Anderson, J., ... &
Sanchez, J. (2007). Stereotypy in young children with autism and typically
developing children. Research in Developmental Disabilities, 28, 266-277.
Mason, G. J. (1991). Stereotypies: A critical review. Animal Behavior, 41, 1015-1037.
Matson, J. L., Dempsey, T., & Fodstad, J. C. (2009). Stereotypies and repetitive/restricted
behaviours in infants with autism and pervasive developmental disorder.
Developmental Neurorehabilitation, 12, 122-127.
Matson, J. L., Kieley, S. L., & Bamburg, J. W. (1997). The effect of stereotypies on
adaptive behavior as assessed with the DASH-II and Vineland Adaptive Behavior
scales. Research in Developmental Disabilities, 18, 471-476.
McGimsey, J. F., & Favell, J. E. (1988). The effects of increased physical exercise on
disruptive behavior in retarded persons. Journal of Autism and Developmental
Disorders, 18, 167-179.
Merriam-Webster's Medical Dictionary (2006). Springfield, MA: Merriam-Webster.
Militerni, R., Bravaccio, C., Falco, C., Fico, C., & Palermo, M. T. (2002). Repetitive
behaviors in autistic disorder. European Child and Adolescent Psychiatry, 11,
210-218.
Mooney, E. L., Gray, K. M., & Tonge, B. J. (2006). Early features of autism: Repetitive
behaviors in young children. European Child and Adolescent Psychiatry, 15, 1218.
Morrison, K., & Rosales-Ruiz, J. (1997). The effect of object preferences on task
performance and stereotypy in a child with autism. Research in Developmental
Disabilities, 18, 127-137.

30

Nuzzolo-Gomez, R., Leonard, M. A., Ortiz, E., Rivera, C. M. & Greer, R. D. (2002).
Teaching children with autism to prefer books or toys over stereotypy or
passivity. Journal of Positive Behavior Interventions, 4, 80-87.
Patterson, S. Y., Smith, V., & Jelen, M. (2010). Behavioural intervention practices for
stereotypic and repetitive behaviour in individuals with autism spectrum disorder:
A systematic review. Developmental Medicine and Child Neurology, 52, 318-327.
Petrus, C., Adamson, S. R., Block, L., Einarson, S. J., Sharifnejad, M. & Harris, S. R.
(2008). Effects of exercise interventions on stereotypic behaviors in children with
autism spectrum disorder. Physiotheray Canada, 60, 134-145.
Powers, S., Thibadeau, S., & Rose, K. (1992). Antecedent exercise and its effects on selfstimulation. Behavioral Residential Treatment, 7, 15-22.
Rafaeli-Mor, N., Foster, L., & Berkson, G. (1999). Self-reported body-rocking and other
habits in college students. American Journal on Mental Retardation, 104, 1-10.
Rapp, J. T., & Vollmer, T. R. (2004). Stereotypy I: A review of behavioral assessment
and treatment. Research in Developmental Disabilities, 26, 527-547.
Richler, J., Bishop, S. L., Kleinke, J. R., & Lord, C. (2007). Restricted and repetitive
behaviors in young children with autism spectrum disorders. Journal of Autism
and Developmental Disorders, 37, 73-85
Ringdahl, J. E., Andelman, M. S., Kitsukawa, K., Winborn, L. C., Barretto, A., &
Wacker, D. P. (2002). Evaluation and treatment of covert stereotypy. Behavioral
Interventions, 17, 43-49.

31

Rojahn, J., Matlock, S. T., & Tasse, M. J. (2000). The stereotyped behavior scale:
Psychometric properties and norms. Research in Developmental Disabilities, 21,
437-454.
Rollings, J. P., Baumeister, A. A., & Baumeister, A. A. (1977). The use of overcorrection
procedures to eliminate the stereotyped behaviors of retarded individuals: an
analysis of collateral behaviors and generalization of suppression effects.
Behavior Modification, 1, 29-46.
Rosenthal-Malek, A. & Mitchell, S. (1997). Brief report: The effects of exercise on the
self-stimulatory behaviors and positive responding of adolescents with autism.
Journal of Autism and Developmental Disorders, 27, 93-202.
Sallustro, F., & Atwell, C. W. (1978). Body rocking, head banging and head rolling in
normal children. Journal of Pediatrics, 93, 704-708.
Shao, Y., Cuccaro, M. L., Hauser, E. R., Raiford, K. L., Menold, M. M., Wolpert, C. M.,
… & Pericak-Vance, M. A. (2003). Fine mapping of autistic disorder to
chromosome 15q11-q13 by use of phenotypic subtupes. American Journal of
Human Genetics, 72, 539-548.
Singh, N. N., Dawson, M. J., & Manning, P. (1981). Effects of spaced responding DRL
on the stereotyped behaviors of profoundly retarded persons. Journal of Applied
Behavior Analysis, 14, 521-526.
Smith, E. A., & Van Houten, R. (1996). A comparison of the characteristics of selfstimulatory behaviors in normal children and children with developmental delays.
Research in Developmental Disabilities, 17, 254-268.

32

Sprague, J., Holland, K., & Thomas, K. (1997). The effect of noncontingent sensory
reinforcement, contingent sensory reinforcement, and response interruption on
stereotypical and self-injurious behavior. Research in Developmental Disabilities,
18, 61-77.
Synons, F. J., Sperry, L. A., Dropik, P. L., & Bodfish, J. W. (2005). The early
development of stereotypy and self-injury: A review of research methods. Journal
of Intellectual Disability Research, 49, 144-158.
Szatmari, P., Georgiades, S., Bryson, S., Zwaigenbaum, L., Roberts, W., Mahoney, W.,
… & Tuff, L. (2006). Investigating the structure of the restricted, repetitive
behaviours and interests domain of autism. Journal of Child Psychology and
Psychiatry, 47, 582-390.
Tan, A., Salgado, M., & Fahns, S. (1997). The characterization and outcome of
stereotypical movements in nonautistic children. Movement Disorders, 12, 47-52.
Taylor, B. A., Hoch, H., & Weissman, M. (2005). The analysis of a treatment of vocal
stereotypy in a child with autism. Behavioral Interventions, 20, 239-253.
Thelan, E. (1979). Rhythmical stereotypies in normal human infants. Animal Behaviour,
27, 699-715.
Turner, M. (1999). Annotation: Repetitive behavior in autism: A review of psychological
research. Journal of Child Psychology and Psychiatry, 40, 839-849.
Varni, J. W., Lovaas, O. I., Koegel, R. L., & Everett, N. I. (1979). An analysis of
observational learning in autistic and normal children. Journal of Abnormal Child
Psychology, 7, 31-43

33

Watt, N., Wetherby, A. M., Barber, A., & Morgan, L. (2008). Repetitive and stereotyped
behaviors in children with autism spectrum disorders in the second year of life.
Journal of Autism and Developmental Disorders, 38, 1518-1533.
Watters, R. G. & Watters, W. E. (1980). Decreasing self-stimulatory behavior with
physical exercise in a group of autistic boys. Journal of Autism and
Developmental Disorders, 10, 379-387.
Willemson-Swinkles, S. H. N., Buitelaar, J. K., Dekker, M., & Van England, H. (1998).
Subtyping stereotypic behavior in children: the association between stereotypic
behavior, mood, and heart rate. Journal of Autism and Developmental Disorders,
28, 547-557.

34

CHAPTER 2
EFFECTS OF ANTECEDENT AEROBIC EXERCISE ON STEREOTYPIC
AND SELF-STIMULATORY BEAVHIOR IN CHILDREN WITH AUTISM
One of the diagnostic criteria and defining characteristics of autism is the
presence of stereotypic behaviors (APA, 2013). Although there is no agreed-upon system
for classifying stereotypy (Carcani-Rathwell, Rabe-Hasketh, & Santos, 2006), these
behaviors have been described as repetitive and non-repetitive (Berkson, 1967), with the
repetitive behaviors perceived as composed of two dimensions: insistence on sameness,
and repetitive sensory and motor behavior (Cuccaro et al., 2003; Shao et al., 2003;
Szatmari et al., 2006). Stereotypic behavior is generally considered to be voluntary,
persistent, and invariant (Berkson, 1983). Topography “refers to the physical form or
shape of a behavior” (Cooper, Heron, & Heward, 2007, p. 83), which usually consists of
a verbal description of the behavior. Numerous topographies of stereotypy have been
described in the professional literature, including the repetition of phonemes or words
and tapping objects on tables (Haring, Breen, Pitts-Conway, & Gaylord-Ross, 1986),
hand-flapping (Ringdahl et al., 2002), noise repetition (Ahearn, Clark, MacDonald, &
Chung, 2007), and hand mouthing (Foxx & Azrin, 1973).
Children with autism engage in more frequent and varied topographies of
stereotypy than typically developing children (MacDonald et al., 2006), as well as more
than those with other developmental disorders (Goldman et al., 2008; Reinhart, 2008),
and intellectual disabilities (Bodfish, Symons, Parker, & Lewis, 2000). Stereotypic
behaviors are difficult to interrupt and those working with students who engage in
frequent and intense stereotypy often struggle to find reinforcers of competing value
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(Ahearn, Clark, DeBar & Florentino, 2005; Dyer, 1987). This limits the child’s repertoire
of appropriate behaviors and impedes the development of new skills and acquisition of
academic knowledge (Lovaas, Newsom & Hickman, 1987). Stereotypic behaviors also
are often distracting and disruptive for the child's peers in their shared educational
environments (Jones, 1988). Because they have such a broad impact, stereotypic
behaviors are among those most commonly targeted for intervention in students with
developmental disabilities (Horner, Carr, Strain, Todd, & Reed, 2002).
Historically, interventions addressing stereotypic behaviors have consisted of
altering the consequences of the behavior (Rapp & Vollmer, 2004). Researchers have
found differential reinforcement (Haring et al., 1986; Ringdahl et al., 2002; Singh,
Dawson, & Manning, 1981; Taylor, Hoch, & Weissman, 2005), response interruption
(Ahearn et al., 2007), overcorrection (Foxx & Azrin, 1973; Harris & Wolchik, 1979;
Rollings, Baumeister, & Baumeister, 1977; Sprague, Holland, & Thomas, 1997), physical
punishment (Foxx & Azrin, 1973; Koegel, Firestone, Kramme, & Dunlap, 1974), and a
combination of response interruption with differential reinforcement (Aurand, Sisson,
Aach, & Van Hassett, 1989; Gartland, 2009) to be effective at reducing stereotypic
behaviors in children, adolescents, and adults with autism and intellectual disabilities.
Few researchers have looked at the effects of antecedent-based interventions on
stereotypy.
Logistically, antecedent-based interventions are less labor intensive in that
teachers do not have to be vigilant in focusing solely on one student in order to
consistently deliver the consequence every time the behavior occurs (Bachman & Fuqua,
1983). Furthermore, antecedent-based interventions are proactive. Preventing unwanted
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behaviors from occurring in the first place means that the neither the instruction nor the
instructional environment need to be disrupted while the teacher addresses the behavior
and delivers the consequence. This allows every student more opportunities to learn
(Powers, Thibadeau, & Rose, 1992). The antecedent-based interventions for reducing
stereotypic behaviors include teaching or prompting appropriate toy play (Britton, Carr,
Landaburu, & Romick, 2002; Eason, White & Newsom, 1982; Greer, Becker, Saxe, &
Mirabella, 1985; Nuzzolo-Gomez, Leonard, Ortiz, Rivera, & Greer, 2002), functional
communication training (Durand & Carr, 1987; Kennedy, Meyer, Knowles, & Shukla,
2000), and aerobic exercise (Gabler-Halle, Halle, & Chung, 1993; Petrus et al., 2008).
Regardless of whether a consequence-based or antecedent-based intervention is
used, effectiveness will be influenced by alignment with the function of the behavior.
When stereotypy is determined to serve a communicative function, functional
communication training may be the most meaningful choice of intervention. Similarly,
when stereotypic behaviors are determined to be a form of play or entertainment for a
person, teaching or prompting appropriate toy play may successfully reduce the
stereotypic behavior. However, when the stereotypy appears to serve as its own
reinforcement and occurs during situations in which playing with a toy would also be
inappropriate (e.g. during instruction), neither teaching appropriate play nor functional
communication will be sufficient to interrupt the behavioral involvement.
One antecedent-based intervention that has been documented to decrease
stereotypy in individuals with autism when stereotypy becomes its own reinforcement is
aerobic exercise, often in the form of jogging (Baumeister & MacLean, 1984; Ellis,
MacLean, & Gazdag, 1990; Kern, Koegel, Dyer, Blew, & Fenton, 1982; Rosenthal-
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Malek & Mitchell, 1997; Watters & Watters, 1980), but also including dancing
(Bachman & Sluyter, 1988), jumping on a trampoline or playing basketball (McGimsey
& Favell, 1988), and roller skating (Powers et al., 1992). Exercise is a relatively easy
intervention for practitioners to implement. Use of exercise as an intervention requires
very little staff training, minimal to no cost for equipment, and provides positive healthrelated benefits (Levinson & Reid, 1993; McGimsey & Favell, 1988). While the precise
mechanism that is responsible for the effects that exercise has on stereotypy has not yet
been identified, researchers have found that exercise must be vigorous and aerobic (as
opposed to mild general motor exercises) in order to reduce stereotypy (Bachman &
Fuqua, 1983; Baumeister & MacLean, 1984; Celiberti, Bobo, Kelly, Harris, &
Handleman, 1997; Elliot, Dobbin, Rose, & Soper, 1994; Kern, Koegel, & Dunlap, 1984).
Two main theories explain why exercise reduces stereotypy. The first is that
exercise causes fatigue and thus the person does not have the energy to engage in
stereotypic behavior after exercising (Lancioni & O’Reilley, 1998). Many researchers
disagree with this explanation based on several observations (Levinson & Reid, 1993).
Specifically, participants in research studies whose stereotypy decreased following
exercise did not show signs of being fatigued; instead they engaged in more appropriate
behaviors (Elliot et al., 1994; Rosenthal-Malek & Mitchell, 1997), and spent less time
sitting (Bachman & Sluyter, 1988).
The second common theory of why exercise reduces stereotypy is that individuals
are engaging in stereotypic behaviors because it provides reinforcing sensory input to
their bodies (Baranek, 2002) as a form of automatic reinforcement. When stereotypy
serves this function, it is considered to be “self-stimulatory” behavior (Lovaas et al.,
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1987, p. 46). Some researchers believe that when stereotypic behaviors are, in fact, selfstimulatory, exercise that involves repetitive rhythmic motions may provide similar
sensory feedback thereby eliminating the need to self-stimulate in other ways (Levinson
& Reid, 1993). Though the terms "stereotypy" and "self-stimulatory" are often used
interchangeably, stereotypic behavior can serve functions other than stimulation of the
sensory system (Durand & Carr, 1987; Rapp & Vollmer, 2004). It is therefore important
to conduct a functional analysis (FA) to determine the function a particular stereotypy
serves before developing an intervention (Cunningham & Schreibman, 2007).
If an individual’s stereotypic behavior is determined to be automatically
reinforcing, providing sensory stimulation with similar intensity, repetition, and rhythm,
involving similar motor movements, would reduce the need for additional sensory input,
effectively reducing the amount of self-stimulatory behavior exhibited. Jogging involves
repetitive, rhythmic movement of the arms and legs and provides intense proprioceptive
(pressure) input to the feet and legs. It also provides auditory feedback when the shoes hit
the ground (similar to the sound of hands flapping) and produces “woosh”ing auditory
feedback as well as the tactile sensation of the air on skin during running. The jostling of
the body with the impact of each step can cause visual vibration similar to the effect of
flickering lights or waving fingers in front of the eyes. In short, jogging provides a
myriad of sensations similar to those created by common topographies of motor
stereotypies.
Although there have been several studies supporting antecedent aerobic exercise
as an effective way to decrease stereotypy and self-stimulation in individuals with ASD,
they have been spread out over several years and many of the studies are
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methodologically weak according to today’s standards and guidelines for evidence-based
practices (e.g., Horner et al., 2005; Kratochwill et al., 2013). There is a need for
methodologically sound studies replicating and extending the limited research that has
been conducted.
This study was conducted to answer the following research question: What effect
does aerobic exercise in the form of vigorous jogging for 10 consecutive minutes have on
the percentage of time children with autism engage in stereotypic behaviors during
classroom instruction in the morning, immediately following the aerobic exercise? A
secondary analysis consisted of identifying if there were residual effects later in the
school day.
Methodology
Participants
Because younger individuals with more severe autism typically exhibit more
frequent motor stereotypies (Bodfish et al, 2000; Militerni, Bravaccio, Falco, Fico, &
Palermo, 2002), and stereotypy has been found to increase in frequency with age and
become more resistant to treatment (Jones, 1988), the focus of this study was on
elementary-school-aged students with moderate to severe autism. The students included
in the study (a) qualified for special education services with an autism eligibility; (b) had
Childhood Autism Rating Scale (CARS; Schopler, Reichler, & Renner, 1988) scores
above 37, indicating moderate to severe autism; (c) were physically able to jog with a
history of regular participation in brief jogging during physical education; (d) tolerated
wearing the heart rate belt around their chests and the heart rate monitor wristwatch on
their wrists; (e) were reported by their teacher to engage in motor stereotypy behaviors to
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an extent that interfered with their engagement in instructional activities; (f) had a
functional analysis (FA) conducted to determine that the function of their stereotypy was
sensory/self-stimulatory, (g) were in a self-contained classroom and remained with the
class throughout the day (i.e. did not go to another classroom with a different group of
students for instruction for part of the day), and (h) were younger than 12 years of age.
Two students met inclusion criteria for participation in this study. Table 1 contains a
summary of the participants' demographic information.
Allison. Allison had been with the same teacher in a self-contained classroom for
students with disabilities for six years (the year during which the study took place was
her seventh). Allison made simple requests using 2-3 word phrases but engaged in very
little communication for other purposes. Allison engaged in frequent echolalia, repeating
segments from cartoons throughout the day (e.g., "Elmo want to take a photograph?" "A
clue! A clue!"), and repeated questions asked of her or instructions given to her. She
loved Elmo and swimming, and had a sight word recognition vocabulary of over 200
words but struggled with decoding and encoding words phonetically. She did not interact
with other students and preferred to sit away from them whenever possible. Allison had a
history of significant aggression but had begun taking Risperidone a few months before
the study began and her behavior had subsequently improved drastically (from an average
of 30 instances of aggression per day to less than 2 instances of aggression per week).
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Table 1. Participant Information
Participants

Allison

Boyd

Age Intelligence Adaptive Communication Autism Stereotypic
(years)
Quotient
Behavior
(standard
Severity Behavior
(standard (standard
scores)
scores)
scores)
11
DAS-II
VABSDP-3e: <50
CARS- vocal
a
c
SNC : 45
2 : 52
2g: 49
stereotypy,
VABS-2f: 47
bouncing,
DP-3
ABASGARS- hand
GDSb: <40 2d: 50
2h: 105
flapping,
head
shaking,
and
squeezing
10

DAS-II
SNCa: 38

VABS2c: 40

DP-3e: <50

CARS2g: 45

bouncing,
slamming,
f
VABS-2 : 43
hand
DP-3
ABASGARS- flapping
GDSb: <40 2d: 43
2h: 115
and light
filtering
a
Differential Ability Scales, 2nd Edition - Special Nonverbal Composite - an estimate of
the individual's IQ based solely on the nonverbal reasoning and spatial scores
b
Developmental Profile, Third Edition - General Development Score
c
Vineland Adaptive Behavior Scales, Second Edition - Adaptive Behavior Composite
d
Adaptive Behaior Assessment System, Second Edition - General Adaptive Composite
e
Developmental Profile, Third Edition - Communication Composite Score
f
Vineland Adaptive Behavior Scales, Second Edition - Communication Domain Score
g
Childhood Autism Rating Scale, Second Edition (standard version) - scores of 37 and
above indicate "severe autism"
h
Gilliam Autism Rating Scale, Second Edition - Autism Quotient - quotients of 85 or
higher indicate very likely probability of autism
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Allison adjusted very easily to wearing the heart rate monitor and watch. She
initially pushed the buttons on the watch but after approximately three minutes, she
stopped and did not do so again. Allison enjoyed running for short distances but had to be
encouraged to continue running for the entire 10 minutes. She often wanted to stop and
lie down or go to the windows in the gym and look outside and an interventionist had to
take her hand and jog with her to keep her moving.
Boyd. The school year during which the study took place was Boyd’s sixth year in the
same classroom. He made requests using 2-3 word phrases and responded to simple whquestions. Boyd could identify and label the letters in his name and the numerals 1-5. He
also could label over 200 nouns and 30 verbs. Boyd did not engage in any academic or
leisure activity without constant prompting other than playing in the sensory table or in
sand outside (repeatedly picking up handfuls and filtering it through his fingers) or in
water play. Boyd also engaged in occasional delayed echolalia, repeating lines and
phrases from Spongebob Squarepants cartoons (e.g. “Mr. Crabs!” and “Jellyfish,
jellyfish”). He became frustrated and covered his eyes when presented with unfamiliar or
unknown instructional stimuli, and scrolled repeatedly through known responses while
crying and banging his fists on the table. Boyd did not initiate interaction with others but
did tolerate their presence, and would usually respond to others’ initiation of interaction
with minimal prompting. Boyd was not taking any medication during the study. He
adjusted easily to wearing the heart rate watch and monitor. The first day wearing the
monitor he made several attempts to pull the belt down around his waist instead of his
chest but responded to a visual prompt and redirection to pull it back up to his chest.
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Functional Analysis
The students participated in a brief functional analysis (FA) to verify that their
stereotypical behavior was automatically reinforced or self-stimulatory in nature, since
the intervention (i.e., jogging) matched that function. The brief FA consisted of
conditions similar to those described by Iwata, Dorsey, Slifer, Bauman, and Richman
(1994). The assessment conditions were attention, academic demand, and alone. The
alone condition was modified per Northrup et al. (1992) and Sasso et al. (1992) in that the
participants were not in an austere situation but had familiar materials available to them.
Each condition was implemented for 10 minutes at the same time on different days. Only
one condition was conducted each day in order to retain consistency in the children's
schedules. The order of conditions was determined by randomly drawing a slip of paper
labeled with “attention,” “demand,” or “alone” from a container. For each student, six
slips of paper were placed into the container (two for each condition) and one condition
was chosen each session. Slips were not replaced after they were chosen.
The brief FAs were conducted in the one-on-one instruction area of the classroom
at a table with the investigator (who also was the classroom teacher) and student. These
sessions were videotaped and the investigator watched the videos later to collect data on
stereotypy. During the attention condition, the student was given a preferred fine-motor
activity (placing small beads on a shoelace). During this condition, the children were
allowed to play with the beads however they wanted. They could twirl the string, shift the
beads through their fingers, and so forth. The teacher ignored all behavior except
stereotypic behavior. When the student engaged in stereotypy, the teacher acknowledged
the behavior with a verbal redirection (i.e., “quiet hands”).
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During the demand condition, a three-prompt procedure was used to get the
children to string the beads according to a sequence specified on a printed card,
beginning with the verbal direction “String the beads.” If the student did not respond
within 5 seconds, the teacher repeated the verbal instruction and modeled the behavior
(i.e., select specific bead and string). If the student did not respond within 5 seconds after
the model, the teacher physically prompted the student to place a bead on the string while
repeating the verbal direction. If the student responded correctly and engaged in the task
independently or following either of the prompts, praise accompanied by a tickle, pat on
the back, or high five was given. If the student engaged in stereotypy, the teacher
removed the task and turned away for 15 seconds. After 15 seconds, the teacher again
presented the task and prompting sequence. During the modified alone condition, the
student sat at the table with the beads but the teacher did not sit with the student and did
not provide any instruction or attention to the student.
An iPhone application called “Duration” (developed by elocinSoft) was used to
collect duration data on stereotypic behaviors from the video of each FA session. The
application was configured to run for ten minutes during which a stopwatch-type timer
appeared on the screen along with buttons labeled “start” and “stop.” When an instance
of stereotypy began, the investigator pressed “start” and then pressed “end” when the
student was no longer engaging in the behavior. At the end of the ten-minute period, the
percentage of the ten-minute sessions during which the student engaged in stereotypy was
depicted on the screen. This percentage was entered into the data sheet.
Because the FA was required to document that the students met eligibility criteria
for inclusion in the study (i.e., stereotypy had to be sensory-based), the outcomes are
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presented here. Figures 1 and 2 document the results of the FA for each of the
participants.
Across the three conditions, both Allison and Boyd engaged in stereotypic
behavior for high and consistent percentages of time (M = 75% for Allison (range = 6978%), and M = 63% for Boyd (range = 61-67%)). Britton et al. (2002, p. 98) documented
that "high and undifferentiated responding across conditions" is indicative of automatic
reinforcement as the function of behavior. Therefore, the results of the FA were used to
substantiate that Allison and Boyd engaged in stereotypic behavior for automatic
reinforcement and self-stimulatory feedback.
Settings
Jogging occurred in the gymnasium at the participants' public elementary school.
The gym was approximately 80’ x 40’ of open space with a rubberized floor. There were
taped lines marking a path around the inside perimeter of the gym. During the jogging
sessions, the only equipment in the gym was a CD player and speakers as well as a foam
warm-up mat for each student. The doors to the hallway, closet, gym office, and parking
lot were closed to minimize distractions.
Data on stereotypic behaviors were collected in the students’ classroom during
whole group activities. The classroom was approximately 30’ x 40’ and divided into
fourteen separate areas: a whole group instruction area with a large rug in front of a
Promethean board; a small group instruction table; a math table; a reading table; a
listening center; a fine motor center; a community center; a science center; an art center;
a handwriting center; a book nook; a sensory area; a kitchen/daily living area; and a
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transition area (where cubbies and individual picture schedules were located, and where
students lined up when leaving the classroom). Whole group instruction took place in the
front of the classroom. The ten students in the class sat in cube chairs or on the rug in
front of the Promethean interactive board. Materials used during morning instructional
sessions were: Promethean board and computer; a calendar activity from
www.starfall.com; weather forecast video from www.weather.com; and teacher-created
calendar response pages on which the students identified the month, day, special class for
the day, and weather. Materials used during the afternoon sessions were: Promethean
board and computer; Intellitools® Balanced Literacy™ software; sight word flash cards;
letter flashcards; picture flashcards of words with targeted onsets and rimes; picture
flashcards of characters and settings in the current story; and teacher-created response
pages for some activities.
Materials and Equipment
The materials used during the study included instructional materials used during
calendar/group time and whole group language arts. Equipment used during the study
included a CD and CD player, iPod Touch® and iPhone® devices with a data collection
application, a digital video camera, and heart rate monitors. The songs on the CD that
were played during jogging included the first three minutes of the third movement of
Beethoven’s Symphony No. 9 and the Kidz Bop versions of Chicken Noodle Soup and
Airplanes. Sumto M1 heart monitors were used to monitor the students’ heart rate to
make sure that they were jogging vigorously enough to raise their heart rate to an aerobic
level. This included a heart rate belt worn around the students’ chests as well as a watchstyle receiver worn on their arms. The timer application on an iPod touch or iPhone was
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used along with a simple data sheet (Appendix A) on which the students' heart rates were
recorded every two minutes while they were jogging.
In order to ensure focus on and accuracy in data collected on stereotypic
behaviors, the teacher videotaped instructional sessions using a digital video recorder,
and collected data from the videotape at the end of the day rather than simultaneously
taking data while teaching. These videos also were used for reliability data collection.
Independent Variable
The independent variable was aerobic jogging for 10 consecutive minutes at a rate
that increased the student’s heart rate to between 60 and 80% of their heart rate max
(HRmax) (Tanaka, Monahan, & Seals, 2001). Maximal heart rates for each student were
estimated using the HRmax prediction equation 208 - 0.7 (age), which has been
determined to most closely predict HRmax in children (Mahon, Jarjerrison, Lee,
Woodruff, & Hanna, 2010). To determine participants’ resting heart rate, the teacher had
them wear the heart rate monitors and watches for 10 minutes each morning during the
first three days of the first baseline phase while they sat and looked at books (at the same
time that the students would be running during the intervention phase) and recorded their
heart rate at 2 minute intervals and then averaged the resulting 15 numbers. Target heart
rates were calculated for each participant using the Karvonen Method. Using this method,
the student’s resting heart rate was subtracted from their estimated maximal heart rate
then multiplied by 0.6 and 0.8, then added to their resting heart rate to determine the
lower and upper limits of their target range. For example, Boyd 's HRmax was estimated
to be 201. Boyd's resting heart rate average was 150 beats per minute, so his target range
was 180-191 beats per minute (201-150=51; 51 x .6=30.6; 51 x .8=40.8;
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150+30.6=180.6; 150+40.8=190.8). Allison's HRmax was estimated to be 200.3, her
resting heart rate was 165 and her target range was 186-193.
The interventionists in this study were three school employees who were familiar
with and had prior experience with the student participants. Both students knew the
interventionists by name and had a history of positive interactions with them. The
students were comfortable and compliant when the interventionists came to get them
from class to go to the gym to jog. During intervention, two interventionists took the
participants to the gym and put the heart rate belts around their chests and the monitor
wristwatches on their wrists. The third interventionist went with them, to assist as needed
and to substitute if one of the interventionists was absent. Four peer buddies (students
without disabilities from a fourth grade class in the school) who work with the students
also went to the gym. One interventionist turned on a CD that had been programmed with
3 minutes of quiet, calm music followed by 10 minutes of upbeat music (consisting of the
same songs that the PE teacher usually played during PE class while the students were
stretching and jogging). During the first 3 minutes, the peer buddies led the students
through a simple warm up and stretching routine as they were accustomed to doing in PE
class. When the music changed, the interventionists started the stopwatch application on
their personal iPhones or an iPod touch provided by the investigator, and the peer buddies
prompted the students to begin jogging around the inside perimeter of the gym, following
the path that they follow during their “warm up jog” during physical education class each
week. The interventionists monitored the students as they jogged, encouraged them to
continue if they stopped or slowed down, and jogged with them if necessary.
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The interventionists checked the students’ monitors every two minutes and
recorded their heart rates on individual data sheets. To check the monitors, the
interventionists fell in step with the participants, lifted the student’s hand wearing the
watch, and observed the heart rate while the student continued to jog. The five numbers
resulting from the two-minute checks during the 10-minute jogging period were averaged
to determine the student’s average heart rate during the jogging session. Average heart
rates for each participant fell within their target range during every intervention session
and are included in Table 2. Heart rates were not measured during baseline sessions,
since the students were not jogging.

Table	
  2.	
  Average	
  Heart	
  Rate	
  During	
  Intervention	
  
	
  
Allison	
  
Boyd	
  
Session	
  
(target	
  range	
  186-‐193)	
   (target	
  range	
  180-‐191)	
  
6	
  
193	
  
180	
  
7	
  
190	
  
188	
  
8	
  
191	
  
190	
  
9	
  
188	
  
183	
  
10	
  
193	
  
191	
  
16	
  
192	
  
186	
  
17	
  
190	
  
189	
  
18	
  
189	
  
181	
  
19	
  
193	
  
191	
  
20	
  
191	
  
187	
  
26	
  
188	
  
190	
  
27	
  
190	
  
183	
  
28	
  
193	
  
190	
  
29	
  
187	
  
184	
  
30	
  
190	
  
186	
  
	
  
Note:	
  	
  Heart	
  rate	
  was	
  only	
  measured	
  during	
  intervention	
  sessions	
  (when	
  students	
  
were	
  jogging)	
  so	
  baseline	
  sessions	
  are	
  not	
  included	
  in	
  the	
  table.	
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Interventionist Training
The interventionists who participated in the study were the secretary, gifted
teacher, and Speech Language Pathologist at the participants' school. They were trained
in a group in one session. Training consisted of an explanation and description of the
study, presentation of written directions and a copy of the checklist used for collecting
fidelity data, modeling the implementation of the intervention, and hands-on practice
with all equipment and materials. Following the training, the interventionists studied the
written materials, practiced with the equipment and materials, and were assessed three
days later. Each implemented the steps of the intervention (with another “playing the
part” of the student) at least three times while the investigator collected fidelity data using
a checklist of the steps in the procedure (See Appendix B). All three were able to
implement the intervention with 100% fidelity on their first two consecutive attempts.
Procedural fidelity was monitored during the study.
Procedural Fidelity
During the study, the fidelity checklist used during interventionist training
(Appendix B) was used to collect fidelity data for 20% of the sessions during each phase.
The investigator collected data using the checklist while the interventionists were
implementing the procedures in the school gym. Fidelity was determined by dividing the
number of steps correctly performed by the total number of steps, multiplying by 100%
to determine a percentage. Procedural fidelity was 100% for all interventionists across the
sessions observed.
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Dependent Variable
The dependent variable was the percentage of time students engaged in stereotypy
during two 15-minute instructional periods, one immediately following the intervention
and one occurring two hours after the intervention. Percentage of time was calculated by
dividing the duration of stereotypic behavior by the duration of the observation period.
Allison’s stereotypic behavior included vocal stereotypy, bouncing, hand
flapping, head shaking, and squeezing. Vocal stereotypy was defined to be any
verbalization that was not task related and included reciting Elmo videos, singing songs
unrelated to the topic of instruction, high pitched squeals, and giggling or laughing at
inappropriate times. Bouncing was defined as rapidly moving her body up and down in
her seat. Hand flapping was defined as holding her hands out at approximately shoulder
level with her hands facing down and moving her hands/fingers up and down repeatedly.
Head shaking was defined as turning her head from side to side rapidly and repeatedly so
that her hair swung outward back and forth around her face. Squeezing was defined as
clasping her hands together between her thighs and visibly tensing her muscles to
squeeze her legs together and contract her shoulders inward.
Boyd’s stereotypic behavior included bouncing, slamming, hand flapping and
light filtering. Bouncing was operationally defined to include standing up and rapidly
sitting back down, or repeatedly lifting and dropping his upper body, or rapidly nodding
his head up and down. Forceful slamming was defined as stomping his foot or feet on the
floor; throwing his body onto the floor (from a seated or standing position); forcefully
bringing his hand and/or arm into contact with the floor, a surface, or a part of his own
body; or picking up an object and throwing it down onto a surface or the floor. Hand
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flapping was defined as slapping his hands/fingers against each other rapidly, with the
surface of the palm side of the fingers of one hand touching the bottom of the fingers of
the other hand in an alternating pattern. Light filtering was defined as squinting so that
his eye lids were almost closed, or moving his hands/fingers/objects rapidly back and
forth or up and down in front of his eyes.
Data Collection
The instructional sessions immediately following and two-hours after the
intervention during the study were video-taped. The investigator collected data from the
videotapes at the end of the day to ensure accuracy in data collection and so as not to
interfere with teaching.
An iPhone application called “Duration” (developed by elocinSoft) was used to
collect duration data on stereotypic behaviors. The application was configured to run for
fifteen minutes during which time a stopwatch-type timer appeared on the screen
(Appendix C). When an instance of stereotypy began, the investigator pressed “start” and
then pressed “end” when the student was no longer engaging in the behavior. At the end
of the fifteen-minute period, the percentage of the fifteen-minute session during which
the student engaged in stereotypy was recorded in a report automatically sent to the
investigator via email. This percentage was entered into the data sheet. The investigator
viewed each video tape twice, collecting data for only one participant at a time.
Interobserver Agreement
Interobserver agreement (IOA) was calculated for two behaviors: the
interventionists' recording of the participants' heart rates, and the occurrence of
stereotypic behavior. The investigator collected data to calculate agreement on the
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students’ heart rates for one intervention session per student during each phase of the
study. She looked over the shoulder of the interventionist as they checked the student’s
watch and recorded the heart rate to ensure data were recorded accurately. There was
100% agreement between the data that the interventionists recorded and the investigator
observed.
In order to document the reliability of the dependent variable, a second observer
was trained to collect data on stereotypy for 20% of videotaped instructional sessions
using the “Duration” application on an iPhone. To determine which sessions IOA data
would be collected on, the numbers 1-30 (corresponding to session numbers) were put in
a hat and six numbers were drawn from a hat. The second observer had a PhD in
educating students with exceptionalities, nine years of experience teaching students with
autism in a public elementary school, and was an assistant professor at a public university
in central Georgia. Because the “Duration” application generates a percentage, the
percentage was used rather than the actual duration to calculate interobserver agreement.
IOA was calculated by dividing the smaller percentage of time the student was
documented to engage in stereotypy by the larger percentage of time and multiplying by
100% (i.e., smaller percentage/larger percentage x 100%). For example, if the first
observer noted the student engaging in stereotypy for 52% of the period and the second
observer perceived the student engaging in stereotypy for 58% of the period, the
calculation would be 52/58 x 100% for 89.68% agreement. IOA for Allison ranged from
87.4 to 95% with a mean of 93% and for Boyd ranged from 90 to 99.1% with a mean of
92.6%.
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Design and Data Analysis
A reversal (ABABAB) design was used to determine the presence of a functional
relation between jogging and stereotypy. Baseline data were collected on the percentage
of time the students engaged in stereotypy for five days during the first 15 minutes of
instruction (i.e., morning calendar/group time), as well as 15 minutes during a later group
time. Only data collected during the morning calendar/group time were used for making
phase-change decisions. Once baseline data were stable (Alberto & Troutman, 2013) for
a minimum of five days, the student entered the treatment phase. After five days of stable
intervention data, the intervention was withdrawn and the baseline condition reinstated.
This was repeated for three cycles of baseline and intervention. Because the class had
physical education (PE) class on Wednesday morning, and participation in PE could
potentially raise the students' heart rate during baseline phases but not necessarily require
10 consecutive minutes of jogging during intervention phases, baseline and intervention
data was only collected on Monday, Tuesday, Thursday and Friday. Students participated
in PE regardless of which phase they were in and data was not collected during
instructional sessions on Wednesday.
Visual analysis was used to identify evidence of functional relations. In ABAB
single-case designs, an experimental effect occurs when “a predicted change in the
dependent variable covaries with manipulation with the independent variable” (Horner et
al., 2005, p. 168). When an experimental effect is demonstrated at three different points
in time, experimental control (a functional relation) is established. In a reversal design,
this occurs when the behavior changes (in this case, stereotypic behavior decreases) when
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the intervention is introduced and then returns to previous levels when the intervention is
withdrawn, three different times.
Results
Results are presented in Figure 3 and Figure 4. Both Allison and Boyd spent less
time engaged in stereotypy during the instructional sessions immediately following the
intervention.
As seen in Figure 3, there is a functional relation between the jogging and
reduction in stereotypy for Allison. Although the behaviors do not disappear, each time
the intervention is introduced, there is an immediate decrease in the percentage of
stereotypy during the morning instructional session, meeting the criterion for magnitude
of change (Kratochwill et al., 2013). As shown in Table 3, the mean percentage of each
phase in which Allison engaged in her stereotypic behaviors was less during intervention
than during baselines. Allison engaged in stereotypic behavior for an average of 74.2% of
the morning instructional sessions during baseline, and an average of 62.2% of the
morning instructional sessions after she participated in jogging.
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Allison	
  
Boyd	
  
	
  
mean	
  %	
  
range	
  %	
  
mean	
  %	
  
range	
  %	
  
Baseline	
  1	
  
76	
  
70-‐80	
  
65.2	
  
61-‐70	
  
Intervention	
  1	
  
63.8	
  
57-‐68	
  
53.6	
  
50-‐63	
  
Baseline	
  2	
  
71.6	
  
65-‐79	
  
67.2	
  
62-‐72	
  
Intervention	
  2	
  
59.6	
  
56-‐63	
  
59.2	
  
54-‐63	
  
Baseline	
  3	
  
75	
  
65-‐83	
  
69.2	
  
68-‐71	
  
Intervention	
  3	
  
63.2	
  
58-‐65	
  
56.8	
  
52-‐65	
  
	
  
Table	
  3.	
  Percentage	
  of	
  time	
  engaged	
  in	
  stereotypy	
  (morning	
  sessions	
  immediately	
  
following	
  intervention)	
  
	
  
	
  
As seen in Figure 4, there is also a functional relation between the jogging and
reduction in stereotypy for Boyd. Similar to Allison's results, Boyd's stereotypic behavior
does not disappear but do immediately decrease each time the intervention is introduced,
meeting the criterion for magnitude of change (Kratochwill et al., 2013). As shown in
Table 4, the mean percentage of each phase in which Boyd engaged in his stereotypic
behaviors was less during intervention than during baselines. Boyd engaged in
stereotypic behavior for an average of 67.2% of the morning instructional sessions during
baseline, and an average of 56.5% of the morning instructional sessions after he
participated in jogging.
	
  
	
  
	
  
Allison	
  
Boyd	
  
	
  
mean	
  %	
  
range	
  %	
  
mean	
  %	
  
range	
  %	
  
Baseline	
  1	
  
71.4	
  
67-‐77	
  
66.2	
  
64-‐69	
  
Intervention	
  1	
  
71.6	
  
64-‐79	
  
63.6	
  
62-‐68	
  
Baseline	
  2	
  
78	
  
71-‐83	
  
63.2	
  
59-‐67	
  
Intervention	
  2	
  
79	
  
78-‐85	
  
64.6	
  
59-‐70	
  
Baseline	
  3	
  
76.6	
  
67-‐83	
  
65.8	
  
60-‐71	
  
Intervention	
  3	
  
68.6	
  
66-‐71	
  
63.4	
  
60-‐70	
  
	
  
Table	
  4.	
  Percentage	
  of	
  time	
  engaged	
  in	
  stereotypy	
  (afternoon	
  sessions	
  two	
  hours	
  after	
  
intervention)	
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As shown in Figures 5 and 6, the reductions in stereotypic behavior by the

participants that was observed immediately following the jogging intervention, did not
carry over into the instructional sessions that occurred two hours later. There was no
magnitude of change with the introduction of the intervention, and there was considerable
overlap in data points. As shown in Table 4, the mean percentages of sessions engaged in
stereotypic behavior remained consistent across baseline and intervention phases.
Social Validity
Following the intervention, classroom paraprofessionals completed a
questionnaire on which both paraprofessionals indicated they had noticed a “slight
decrease in stereotypic behavior” for Boyd and a “moderate decrease in stereotypic
behavior” for Allison (on a Likert scale from 0 to 5 with 0 being an increase in
stereotypic behavior, 1 being no difference in stereotypic behavior, 2 being a slight
decrease, 3 being a moderate decrease, 4 being a dramatic decrease and 5 being the
complete absence of stereotypic behavior). When asked what impact the intervention had
on the student’s participation in class, one paraprofessional responded “[Boyd] is actually
listening to the questions and answering them instead of concentrating so much on
flapping his hands” and “[Allison] has stopped the Elmo-talk during circle time.”
The three interventionists were asked to rate the ease of implementation of the
intervention on a Likert scale of 1-5 where 1 was “very easy” and 5 was “impossible.”
All three interventionists reported that the intervention was “very easy” to implement.
Discussion
The study was designed to determine if an antecedent intervention in the form of
aerobic exercise (jogging) could reduce the percentage of time that two elementary-aged
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students with severe autism would spend engaged in automatically reinforced stereotypic
behavior during instructional activities. The results of the intervention are interpreted to
conclude that the aerobic exercise was effective in that both participants spent less time
engaging in stereotypic behavior immediately following the jogging sessions as
compared to baseline. Considering only the morning sessions, across the baseline
sessions, Allison engaged in stereotypy an average of 74.2% of the time and during
intervention sessions only an average of 62.2%. Boyd engaged in stereotypy an average
of 67.2% of baseline sessions and 56.5% of intervention sessions; a difference of 12 and
10.7 percent respectively. Although there were four data points that overlapped between
baseline and intervention for each student, the results still provide moderate evidence of a
causal relationship between the jogging intervention and the decrease in stereotypy
during the morning sessions. Similar to the results found by Celeberti et al. (1997), the
intervention had no lasting significant effect. The percentage of time each student
engaged in stereotypy during the afternoon sessions was similar in level and trend with
baseline data.
This study is unique in a number of ways. First, this is the first of the studies
examining the effects of aerobic exercise that adhered to the rigorous standards that have
been established for single-case research (Horner et al., 2005; Kratochwill et al., 2013). A
withdrawal design was used with three implementations of each phase (i.e., three baseline
phases and three intervention phases), in order to document at least three demonstrations
of effect at different points in time. Indeed, in this study, there were five demonstrations
of effect in the ABABAB design. Intervention did not proceed until baselines were
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documented as stable (and therefore predictable). There were at least five data points in
each phase. Immediacy of effect, overlap, and consistency of data patterns were
considered in determining that there was a functional relation between jogging and a
reduction of stereotypic behavior in the morning instructional sessions. The same criteria
were used to conclude that there was not functional relation between jogging and a
reduction in stereotypic behavior during instructional sessions occurring two hours after
the intervention.
Second, this study was unique in establishing the children’s target heart rates for
aerobic exercise and monitoring their heart rates every two minutes during the 10-minute
intervention to document that the targets were met. In most previous studies, researchers
had students engage in moderate or vigorous exercise but didn't quantify what made it
moderate or vigorous. Kern et. al (1982) used observed increased breathing rate or
slightly flushed face to indicate a mildly strenuous pace of jogging. Levinson and Reid
(1993) measured participants' heart rates before and after exercise sessions but used the
information only to demonstrate a difference in intensity between jogging and walking.
Third, the study was unique in systematically evaluating whether or not the
antecedent intervention could have an effect on behavior later during the day. Other than
Celiberti et. al (1997), who measured the effects of exercise over a forty minute period
following exercise, prior research has only considered the immediate effects of aerobic
interventions.
As would be expected by conclusions drawn in previous studies (Levinson &
Reid, 1993; McGimsey & Favell, 1988), the interventionists reported that it was very
easy to encourage and monitor the children’s aerobic exercise. Although used for the
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study, practitioners would not need to purchase heart rate monitors if they wanted to
implement a period of jogging prior to instructional activities. Future researchers are
encouraged to explore if certain types of aerobic exercise (e.g., jogging, jumping on minitrampoline, dancing) are better suited to particular students in terms of serving as
automatic reinforcement and thus reducing levels of stereotypic behavior.
Limitations
Although the immediate effects of the aerobic intervention are encouraging, there
are limitations that must be considered when interpreting the results. First is the small
sample size. Given the stringent criteria imposed in order to reduce the presence of
confounds, only two participants were deemed eligible for participation. The study needs
to be replicated with more participants. Differentiated effects of age may be worthwhile
to evaluate by recruiting participants of various ages (Jones, 1988). Although they were
identified as having severe autism, Allison and Boyd were willing to wear the chest strap
and wrist monitor that were needed to measure their heart rates. Individuals with greater
sensory sensitivities, who might not tolerate the tension on their chest and/or wrist, might
respond less positively to the jogging intervention, or might respond even more
positively. This is an empirical question worthy of study.
Future researchers may want to increase the duration of the jogging session to
longer than 10 minutes and determine if a more significant decrease in behavior results,
or if the results would persist longer. It also would be interesting to study the effects of
regularly scheduled short but frequent aerobic sessions as an attempt to maintain lower
frequency of stereotypy throughout the day.
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Finally, though this study found that the participants engaged less in stereotypy, it
did not consider whether or not the students spent that time attending to instruction.
Future researchers may want to measure both stereotypy and on-task behavior
concurrently. Similarly, it would be interesting to see if the students' rate of acquiring
new skills or knowledge increased when they reduced the amount of time spent engaged
in stereotypy.
Conclusion
Because stereotypy is so common in individuals with ASD, and because it can
have such a detrimental effect on learning, it is critical that interventions are found that
can decrease the amount of time that individuals spend engaged in repetitive behaviors
that prevent them from being able to develop new skills and acquire new knowledge.
When the function of the stereotypy is determined to be self-stimulatory, finding another,
more socially appropriate way for the individual to gain the sensory stimulation that he or
she needs may allow him or her to then engage in meaningful learning activities. One
such intervention that has successfully decreased stereotypy is antecedent aerobic
exercise.
The goal of this study was to determine if antecedent aerobic exercise could
reduce the percentage of time that two elementary-aged students with severe autism
spend engaged in self-stimulatory behavior during classroom instruction. The results
indicate that the relatively simple intervention of jogging at a vigorous pace can
successfully decrease stereotypy for at least a short period of time immediately following
the exercise. This is a promising indication and could hopefully lead to positive outcomes
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for individuals whose stereotypy is interfering significantly with their ability to develop
new skills and acquire new knowledge.
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